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INTRODUCTION {#sec1-1}
============

Previous studies have shown that the imbalance between generation and clearance of β-amyloid (Aβ) leads to Aβ deposition in the brain parenchyma, which is an important pathogenic factor of Alzheimer\'s disease (AD)\[[@ref1][@ref2]\]. Experimental results and clinical data have demonstrated that Aβ neurotoxicity, which persistently damages cerebral neurons, is a common pathway for many factors that lead to AD. This neurotoxicity subsequently leads to progressive cognitive deficits and the formation of senile plaques, which are involved in formation and development of AD neuropathological processes\[[@ref3][@ref4][@ref5][@ref6][@ref7]\]. Previous studies have also shown that Aβ~40~ and Aβ~42~ are the two main forms of Aβ and co-exist in senile plaques; Aβ~42~ is more neurotoxic and more easily accumulates than Aβ~40~\[[@ref8][@ref9]\]. Ibotenic acid (IBO) exhibits strong neurotoxicity and damages the cholinergic system, which is associated with learning and memory. The hippocampus is the structure that most closely correlates with learning and memory, and hippocampal atrophy is more prominent in AD\[[@ref10]\]. Therefore, the present study injected a mixture of IBO and Aβ~1-42~ into hippocampal tissue to establish an experimental AD rat model. The animals exhibited behavioral changes (learning and memory deficits) and typical pathological features (Aβ plaque deposition and neuronal apoptosis)\[[@ref11]\]. The main component of traditional Chinese medicine *Buyuan Congnao* decoction comprises *radix astragali, radix polygoni multiflori preparata, rhizoma acori talarinowii, radix polygalae, fructus alpiniae oxyphyllae*, and *radix glycyrrhizae preparata. Radix astragali contains flavones, saponins*, and *polysaccharides*, which protect cells against oxidation\[[@ref12][@ref13]\]. *Radix polygoni multiflori preparata* contains phospholipids, which improve learning and memory, protect the cholinergic system, and inhibit apoptosis\[[@ref14][@ref15]\]. The extract of radix polygalae significantly increases choline acetyl transferase and promotes the secretion of nerve growth factor\[[@ref16][@ref17]\]; the active ingredient inhibits β-secretase, thereby antagonizing Aβ toxicity\[[@ref18]\]. *Fructus alpiniae oxyphyllae* contains volatile oils, terpenoids, and flavonoids, which exhibit anti-aging and cognitive-increasing effects\[[@ref19]\]. The volatile oil of *rhizoma acori talarinowii* significantly improves dementia symptoms\[[@ref20]\], and *radix glycyrrhizae* contains liquiritin, which exhibits satisfactory neuroprotective effects\[[@ref21][@ref22][@ref23]\].

For this reason, the present study utilized immunofluorescence techniques combined with Morris water maze to detect the intervention effects of *Buyuan Congnao* decoction in an AD rat model.

###### 
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RESULTS {#sec1-2}
=======

Quantitative analysis of experimental animals {#sec2-1}
---------------------------------------------

A total of 75 male, Sprague-Dawley rats were randomly assigned to five groups with 15 rats in each group: normal, sham surgery, model (AD model), western medicine (AD model + piracetam intervention), traditional Chinese medicine (AD model + *Buyuan Congnao* decoction intervention). During experimentation, nine rats died due to anesthesia, drowning in the water maze, or improper intragastric administration. In total, 15 rats from the normal group, 14 from the sham-surgery group, 12 from the model group, 13 from the western medicine group, and 12 from the traditional Chinese medicine group were included in the final analysis.

Neuronal morphology and Aβ expression in the AD rat hippocampus {#sec2-2}
---------------------------------------------------------------

In the normal group, immunofluorescence revealed neurons with clear morphology, clear nuclear structures, normal axons and dendrites, uneven cytoplasm, and some scattered apoptotic cells and Aβ deposition. In the sham-surgery group, neuronal morphological structure was slightly altered, the number of axons and dendrites decreased, the cytoplasm was uneven, and apoptotic cells and Aβ deposition were increased compared with the normal group. In the model group, neuronal morphology was irregular. Axons, dendrites, and cytoplasm were missing, and there was a large number of apoptotic cells and Aβ deposition. In the western medicine group, neuronal morphology was relatively normal, and compared with the model group, there was an increase in the number of axons and dendrites, although the number of apoptotic cells and Aβ deposition decreased. In the traditional Chinese medicine group, there was a large number of neurons with relatively regular cell morphology, as well as significantly increased cytoplasm, decreased apoptotic cells and Aβ deposition ([Figure 1](#F1){ref-type="fig"}).

![Neuronal expression in the rat hippocampus at 4 weeks post-treatment (immunofluorescence, × 400). Black arrows indicate neurons, red arrows indicate β-amyloid deposition.\
In the normal (A) and sham-surgery (B) groups, apoptotic cells and β-amyloid deposition are reduced. In the model group (C), there is a large number of apoptotic cells and β-amyloid deposition. In the western medicine group (D) and traditional Chinese medicine group (E), apoptotic cells and β-amyloid deposition are reduced compared with the model group.](NRR-7-664-g002){#F1}

There were significantly more Aβ-positive cells in the rat hippocampus of the model group (25.0 ± 7.38/400-fold visual field) than in the normal group (10.2 ± 2.78/400-fold visual field) or sham-surgery group (10.5 ± 3.69/400-fold visual field, *P* \< 0.01). Compared with the model group, the number of hippocampal Aβ-positive cells significantly decreased in the traditional Chinese medicine group (14.9 ± 2.08/400-fold visual field) and in the western medicine group (15.5 ± 2.76/400-fold visual field, *P* \< 0.01), but there were significantly more hippocampal Aβ-positive cells than in the normal group (*P* \< 0.01). There was no significant difference in the number of Aβ-positive cells between traditional Chinese medicine group and western medicine group (*P* \> 0.05).

Learning and memory in AD rats {#sec2-3}
------------------------------

Rats from each group were subjected once daily to the Morris water maze for a total of 6 days. Average escape latency was significantly longer in the model group than in the normal group or sham-surgery group (*P* \< 0.01). These results demonstrated that learning and memory significantly decreased. Average escape latency in the western medicine group and traditional Chinese medicine group was significantly less than in the model group (*P* \< 0.01).

DISCUSSION {#sec1-3}
==========

Clinical manifestations of AD patients include mental deterioration and short-term memory loss. Therefore, learning and memory analysis remains a primary indicator for observing the effects of drug treatments in an AD model\[[@ref24][@ref25]\].

The Morris water maze allows rats and mice to learn to find a hidden platform in opaque water. The test is widely used to test spatial learning and memory, and has been widely applied to the study of the hippocampus and the effect of damage outside the hippocampus and drug applications\[[@ref26]\]. The present study utilized the Morris water maze for animal selection and to study behavior in AD rats.

Rat learning and memory deficits were successfully induced and both piracetam and the traditional Chinese medicine *Buyuan Congnao* decoction significantly improved learning and memory in the AD rats.

Inflammatory changes, synaptic loss, and the proliferation of astrocyte and microglia ultimately lead to neuronal apoptosis, especially in regions with obvious Aβ deposition\[[@ref17][@ref18][@ref19][@ref20][@ref21]\]. Detecting Aβ deposition in the hippocampal tissue is necessary for analyzing mechanisms of drug treatment and validating the success of AD induction. Aβ expression detection results showed that Aβ injection into the hippocampus increased Aβ expression around hippocampal neurons and that western and traditional Chinese medicines decreased Aβ expression in the hippocampus of AD model rats.

The present study used immunofluorescence to detect Aβ deposition and neuronal expression in the hippocampus to analyze the neuroprotective effects of *Buyuan Congnao* decoction in AD rats.

Experimental results demonstrated that learning and memory were significantly improved after treatment. In addition, excessive Aβ deposition in the brain was reduced, leading to neuronal repair and regeneration, which suggested reduced Aβ neurotoxicity due to *Buyuan Congnao* treatment.

MATERIALS AND METHODS {#sec1-4}
=====================

Design {#sec2-4}
------

A randomized, controlled, animal study.

Time and setting {#sec2-5}
----------------

Experiments were performed at the Experiment Center of Liaoning University of Traditional Chinese Medicine from March to September in 2009.

Materials {#sec2-6}
---------

### Animals {#sec3-1}

A total of 75 healthy, male, Sprague-Dawley rats, aged 18--22 weeks and weighing 280 ± 20 g, were provided by the Laboratory Animal Center, Liaoning University of Traditional Chinese Medicine. Excessively clumsy or sensitive rats were rejected in the water maze test; the remaining rats were randomly assigned to separate cages. Rats were allowed free access to food and water at 20-22°C with 50-70% relative humidity. Experimental procedures were performed in accordance with the *Guidance Suggestions for the Care and Use of Laboratory Animals*, issued by the Ministry of Science and Technology of China\[[@ref27]\].

### Traditional Chinese medicine {#sec3-2}

*Buyuan Congnao* decoction comprised *radix astragali, radix polygoni multiflori preparata, rhizoma acori talarinowii, radix polygalae, fructus alpiniae oxyphyllae*, and *radix glycyrrhizae preparata*, and was provided by the Department of Pharmacy, Affiliated Hospital of Liaoning University of Traditional Chinese Medicine. A single drug dose contained 185 g crude drug and was prepared into 1 g/mL suspension for use.

Methods {#sec2-7}
-------

### Preparation of condensed matter Aβ1-42 {#sec3-3}

A total of 1 mg Aβ~1-42~ peptide (Beijing Boao Sen Biotechnology, Beijing, China) was dissolved in 100 μL sterile saline (10 μg/μL solution). The solution was sealed and incubated for 1 week at 37°C to condense. IBO (1 mg) (Sigma, St. Louis, MO, USA) was dissolved in the condensed matter to prepare an IBO and Aβ~1-42~ mixture. The precise method was in accordance with previously described methods\[[@ref28]\].

### Establishment of an AD rat model and drug intervention {#sec3-4}

Model group: following anesthesia by intraperitoneal injection of 10% chloral hydrate (0.3 mL/100 g), the rats were fixed into a brain stereotaxic apparatus. A 2.0-cm longitudinal incision was made along the parietal midline. Following hemostasis, the periosteum was bluntly separated and the skull was exposed. According to the stereotactic brain atlas\[[@ref29]\], the hippocampus was located (3.5 mm posterior to bregma, 3 mm left lateral to midline, and 5.5 mm below the bregma), and a small 1-mm diameter hole was drilled through the skull with a dental drill. A microinjector was vertically inserted into the hippocampus at a depth of 5.5 mm from the skull surface. The Aβ~1-42~ and IBO (1 μL) mixture was slowly injected into the hippocampus over a period of 5 minutes, and the needle was then maintained in place for an additional 10 minutes. The needle was then slowly withdrawn. After sprinkling sulfanilamide powder on the incision, the skin was sutured\[[@ref20]\].

Sham-surgery group: 1 μL sterile normal saline was injected into the same hippocampal region as the model group.

Normal group: no intervention.

At 2 weeks after AD induction, Morris water maze test\[[@ref30]\] results showed significantly longer average escape latency in the model group, which suggested successful AD model establishment. The AD rats were randomly assigned to three groups, with 15 rats in each group: model, western, and traditional Chinese medicine. At 2 weeks after AD induction, the traditional Chinese medicine rats were intragastrically administered *Buyuan Congnao* decoction. Rats from the western medicine group were intragastrically administered a 30 mg/mL piracetam suspension (Northeast General Pharmaceutical Factory, Shenyang, Liaoning Province, China). According to body mass per unit, the rat drug dose was 6.3 greater than that used in adult humans.

Therefore, the drug dose used for intragrastric administration was 11.1 g/kg per day for traditional Chinese medicine and 0.324 g/kg per day for western medicine. Rats from the normal, sham-surgery, and model groups were intragrastrically administered 3 mL normal saline each morning for a total of 28 days.

### Rat behavioral changes, as detected by Morris water maze test {#sec3-5}

At 2 weeks after AD induction, each rat was subjected to the Morris water maze test once daily, for 6 successive days\[[@ref31]\]. Learning and memory were analyzed by determining average escape latency. The rats were placed into the water facing the pool wall in the order of southeast, southwest, northwest, and northeast quadrants. The longest swim time was designated 120 seconds. The time required for rats to locate the platform was recorded as escape latency. Data acquisition and processing was automatically performed using the Morris water maze image process system (Chengdu Tai Meng Technology, Chengdu, Sichuan Province, China).

Following treatment, the Morris water maze test was performed once again.

### Histomorphological changes in AD model rats, as detected by Aβ immunofluorescence {#sec3-6}

Following Morris water maze testing, five rats from each group were randomly selected. Following successful anesthesia by intraperitoneal injection of 10% chloral hydrate (0.3 mL/100 g), the abdominal cavity was opened to expose the heart. The right auricle of the heart was incised and 4°C normal saline was rapidly perfused. When clear fluid flowed from the right auricle, 10% formalin was perfused at a speed of 10 mL/min until the body became stiff. The brain was the quickly removed, and hippocampal coronal sections were fixed in 4% paraformaldehyde and further sliced into 35 μm-thick sections through the use of a 1850 Leica microsystem (Leica, Nussloch, Germany).

The sections were incubated in freshly prepared 3% H~2~O~2~ solution and pure methanol solution (1:50) for 5-10 minutes at room temperature to inactivate endogenous peroxidase and RNAse. After three washes in distilled water, the sections were incubated with mouse anti-Aβ primary antibody (1:100; Wuhan Boster Bioengineering, Wuhan, Hunan Province, China) for 2 hours at 37°C, followed by wash steps in phosphate-buffered saline, incubation with biotinylated goat anti-mouse IgG (ready to use; Wuhan Boster Bioengineering) for 30 minutes at room temperature, two wash steps in phosphate-buffered saline, incubation with fluorescein isothiocyanate-labeled goat anti-rabbit IgG (ready to use; Wuhan Boster Bioengineering) for 1-2 hours at 37°C, and mounted with 50% glycerin. Finally, the sections were observed and photographed using a BX51 fluorescence microscope (Olympus, Tokyo, Japan) and Aβ-positive cells were quantified through the use of image analysis system\[[@ref32]\].

### Statistical analysis {#sec3-7}

The data were analyzed using SPSS 13.0 software (SPSS, Chicago, IL, USA), and the results were expressed as mean ± SD. The means of different groups were analyzed using the Kruskal-Wallis rank sum test. A value of *P* \< 0.05 was considered statistically significant.
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